The reported optimized aspect ratio, water mass flow rate and output controllability are studied for different external properties of the tube.
INTRODUCTION
The heat exchangers are designed to achieve certain requirements in the steady state which implies that transient response of heat exchanger must be known to define correct control strategy.
The mathematical model of the heat exchanger must be known in order to determine the transient response.
Large number of researchers was working on this problem within last decade such as [01, 02] .
In this paper, the recuperative cross-flow heat exchanger is observed, shown in Fig.1 , as a process with distributed parameters.
Among the many kinds of water-to-air heat excha- The geometry of cross-flow heat exchangers can be complicated, but in this paper we observe the case with the simplest geometry that can be easily computed. This heat exchanger consists of a single tube 
THE TRANSPORT APPROACH
The transport approach represents the special method for mathematical modelling of heat exchangers [04] . This approach is based on dividing observed heat exchanger into the same p cells.
The fundamental low of energy conservation is derived by means of the finite differences for every cell with respect to finite time interval t  . In this manner the system of partial differential equations is transformed to the system of algebraic equations which are easy to solve by numeric, iterative methods.
Lets observe the k-th cell, k = 1,2,...,p, of the crossflow heat exchanger.
Considering heat balance within observed cell, it can be identified the heat input and output by fluid flow through boundary of the cell and heat exchange between the fluid in the cell and the wall.
Considering the changes of the specific physical values in the certain time interval defined with t and tt  .
The amount of heat exchange into the k-th cell for the time interval t  can be written in the following form: The heat flow can be presented as:
Assuming that fluid temperature in the cell can be expressed in the following form:
The heat content in the fluid for the observed cell can be expressed in the following form: 
where:
The balance equation for the observed cell is obtained in the following form:
For the fluid in the tube:
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For the air:
The mathematical model for the observed cell after some simple mathematical transformation can be obtained in the following form: (11) and (12) the outlet temperature from the k-th cell can be expressed in the following form: :   1  3 3  2  3 3  3  3 1  1  2  3  3 3  3 3  3 3   3 2  4  3 3  45  3 3  3 3 ,, 1
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and: In the present case, it is assumed that the heat exchanger consists of five cells.
First we consider the case when there is a change of the input temperature of the fluid from the initial value 
GEOMETRIC OPTIMIZATION
The configuration of thermal processes is usually designed based on its steady-state performance subject to global and local constraints, where its configuration is optimized for maximization of global performance or for minimization of total cost . This is usually done by assuming the process configuration and then simulating its operation under various conditions to determine its best operating conditions.
Recently, another approach has been used which consists in searching for the best design parameter to determine the optimal geometry that would produce the maximum performance.
In this procedure the configuration of the system is simulated and the effect of the system geometric parameters on its performance is analyzing to determine the optimal geometry for this process.
The maximum performance is usually determined by the maximum output of the system.
The optimal geometry of the heat exchanger is searching in order to achive the best controllability of the observed system. Therefore, the process controllability, the ability of a process to be control by the available control input in the form of a inlet temperatures, is the criterion used for optimization.
This can be done by investigating its state controllability and output controllability with the system geometry for a better system design.
The configuration of cross-flow heat exchanger is optimized in this work to produce the best geometry in terms of the process controllability.
The air inlet temperature and the fluid inlet temperature are used as control inputs. The problem of geometric optimization in this paper is analyzed for the mathematical model of the same cross-flow heat exchanger derived using the method of physical dicretization [05] , which leads to the analogous transient respones for all cells, as well, as for the whole heat exchanger.
For the sake of breavity, this model is, presented here only, while the complete modelling process can be found in [03] .
We consider the case, when number of cells equal 5 (five). 
It is known [06] that output controllability conditions for the process, given eq. The condition number of matrix U can be expressed as ratio of the largest to smallest singular values of U : Thus the condition number will provide the information on the best situation for control of the cross-flow heat exchanger.
The cross-flow heat exchanger has a three dimensional parameters that can be varied: inner diameter In order to reduce this degree of freedom, two geometric constraints will be taken into account, the total volume and the mass of the heat exchanger.
The total volume can be expressed in the following form: 
CONCLUSION
In this paper one characteristic method in mathematical modelling of the heat exchangers was considered.
Analyzing the analytical approach using Laplace transform it can be concluded that system of PDE is very complicated to be solved analytically and this model has only academical signification while its practical meaning is small.
One of the possible methods to avoid partial differential equations is the method of transport approach is based both on the spatial and time discretization which transforms the system of partial differential equations to the system of the algebric equations which can be solved using numerical, itterative procedures.
This procedure should be carried out taking into account the conditions for convergence of numerical procedures.
The aim of this work is also to study the ability of optimizing the geometry of heat exchangers with respect to its dynamic controllability which is quantified in the controllability matrix condition number using mathematical model of heat exchanger based on transport approach.
The controllability matrix condition number was minimized with respect to the tube aspect ratio and the fluid mass flow rate.
This procedure showed that optimizing the geometry of heat exchangers with respect to its controllability is important and should be taken into account in the design of the heat ehchangers. 
